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PROCESS FOR THE DISSOLUTION OF ACTINIC OXIDES 

The present inveation relates to a process for the dissolution of oxides of plutonium 
and materials containing these oxides. More specifically, it is concerned with a 
5 process for the treatment of nmterials comprising mixtures of plutonium dioxide 
(PUO2) with uranium dioxide (UO2), and/or ndxed uranium and plutoniimi oxides 
((U, Pu)02), the latter being known as "MOx". . 

The dissolution of oxides of uranium and plutonium is a constant requirement in the 
10 nuclear industry where, for example, the recovery of residues resulting from fuel 
reprocessing necessitates the use of such techniques on a regular basis. 
Consequently, there are several well-established methods used for the dissolution of 
these materials. Thus, it is well known that UO2 dissolves relatively easily in. a 
solution of nitric acid, whilst the dissolution of PUO2 requires the use of more 
15 sophisticated means, the most effective of which involves the use of divalent silver in 
solution. 

A particularly effective technique for dissolving PUO2 is an electrolytic dissolution 
procedure wherein the divalent silver functions as an oxidation iiitermediate. The 

20 method is disclosed in FR-A-2562314, and involves introducing the oxide into a 
nitric acid solution containing silver nitrate, then passing the mixture through the 
anode component of an electrolyser. During the process of electrolysis, divalent 
silver is generated close to the anode and this causes oxidation of the plutoniimi of 
the PUO2 to occur, the oxidised plutonium then dissolving in the nitric acid. When 

25 dissolution is complete, the. solution containing dissolved uranium and plutonium is 
extracted. 

Such a process, though generally highly effective, may only be operated 
discontinuously, so that the treatment capacity is relatively limited. Furthermore, the 
30 electrolysis process is associated with a high consumption of electricity, with the 
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consequence that the overaU process is less than attractive in financial and 
commercial terms. 

An attempt to improve the commercial viability of this method is proposed in EP-B- 
5 767465, which describes a process designed to deHver much lower operating costs by 
significantly reducing consumption of both silver and electricity. The technique 
involves a first step wherein oxides which are soluble therein - principally UO2 - are 
dissolved in mine acid by addition of the oxide mixture to a drculating solution of 
the acid, whilst the solution is continuously extracted at a set rate through a filter. 
10 During this first step, addition of oxide and add is carried out on a continuous basis, 
and it is intended that aU the UO2 should be dissolved. The method then provides a 
second step wherein the insoluble residue - principaUy comprising PuOa - which has 
been coUected in the filter is dissolved in nitric acid using divalent silver, generated 
in situ by electrolysis firom monovalent silver which is only introduced into the 
15 system at the beginning of the second step; likewise, electrolysis only commences 
after the conclusion of the first step, by which time addition of oxide and add has 
ceased. 

The meliiod proposed by EP-B-767465 is, tiierefore, commercially more attractive 
20 tiiau tiie process disclosed in the earlier French patent specification, and the modified 
technique enables significant cost savings to be achieved. However, the present 
inventors have found that the rates of dissolution of PuOa achieved by tiiese prior art 
methods are much less than would be desned, and are often extremely poor. 

25 Following extensive investigations into tiie causes of tiiese unsatisfactory results, tiie 
inventors have now established tiiat tiie rate at which PuCb may be dissolved by the 
action of divalent silver is markedly retarded in tiie presence of even small amounts 
of palladium, which is found to be present m increased quantities in irradiated fuel; 
tills effect is apparent whetiier tiie palladium is present in sohd form or in solution. 

30 They have gone on to show tiiat notable improvements in tiie rates of dissolution of 
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PuOa — and, therefore, in the overall eflSciency of the process — may be achieved by 
the removal of palladium from the system prior to attempting to dissolve the PuOa. . 

In addition to this specific problem, the methods of the prior art suffer from 
5 additional drawbacks in the light of the present requirements. Thus, in the case of 
EP-B-767465, the process is directed at the treatment of Pu02 residues, whereas the 
present inventors were particularly concemed with the processing of spent MOx fuel, 
which comprises (U, Pu)02 with a U:Pu ratio in the region of 95:5, and it was found 
that the earlier process did not adapt well to the different requirements. Furthermore, 

10 whilst both the prior art methods relate to the treatment of unirradiated nuclear fuel, 
the problem addressed by the present inventors was the treatment of irradiated fuel. 
As a consequence of the poor rates of dissolution of PuOi associated with the 
methods of the prior art, the commercial viability of these processes is detrimentally 
affected, and many of the advances provided by the two step technique over its 

15 predecessor in economic terms are effectively nullified. Hence, the present inventors 
sought to devise a process which would overcome the deficiencies shown by the prior 
art methods; specifically, the method seeks to achieve the removal of palladium from 
the system prior to attempting to dissolve the actinic oxides. 

20 Thus, according to the present invention there is provided a process for dissolving 
actinic oxides, the process comprising performing the steps of: 

(a) introducing the actinic oxides into a solution of nitric acid; 

25 (b) treating the acidic solution in order to substantially remove palladium; 

and 

(c) treating with divalent silver. 

30 Optionally, the process additionally comprises a second treatment of the acidic 
solution in order to substantially remove palladium, this treatment beiag carried out 
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following the treatment with divalent silver, and a second treatment with divalent 
silver, vs*ich follows the aforesaid second treatment to substantially remove 
palladium. 

5 Thus, in a first embodiment of the invention, the component steps of the process are 
carried out in the stated order, and a single treatment with divalent silver is 
employed, whereas a second embodiment of the invention envisages a process 
wherein a first treatment with divalent silver takes place following the initial 
treatment of the acid solution to remove palladium and the resulting mixture is then 
10 fiirther treated to substantially remove palladium prior to a second treatment with 
divalent silver. 

Generally, the actinic oxides comprise mixtures of UO2 and PUO2, or the mixed 
oxide (U, Pu)02 CTMOx"). The oxides may be in the foim of a solid or may be 
15 supplied as a slurry or suspension in a liquid. Preferably, the actinic oxides are 
comprised in spent nuclear fuel. 

Any of the standard techniques which would be familiar to the skilled person may be 
used for the removal of palladixmi firom the system. Specific examples would include 

20 ion exchange or, preferably, solvent extraction EfiBcient removal of palladium may 
be achieved by extraction with a variety of solvents including, for example, tertiary 
amines such as trilauiylamine, optionally ia combination with mixtures of other 
solvents such as phosphate esters and liquid hydrocarbons; thus, a mixture of the 
commercially available tertiary ester Alamine 336 in combination with tributyl 

25 phosphate and kerosene has been successfully employed for this purpose. Further 
examples of suitable solvents include dialkyl sulphides and organic phosphine 
sulphides and their derivatives, such as alkyl phosphorothioic triamides, (RNH)3PS. 
An alternative approach to the removal of palladium iavolves denitration of the 
system by the addition of formic acid, whereupon palladium precipitates fi-om 
3 0 solution as the metal. 
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The nitric acid is provided as an aqueous solution, preferably at a concentration of 
4M to 12M, most preferably 6M to 8M aad the temperature of the solution is 
preferably maintained in the region of 10-50°C, most preferably 20-40°C, i.e. around 
the ambient 

5 

The treatment with divalent silver generally comprises an electrolytic dissolution 
process. Preferably, the process involves the addition of a source of monovalent 
silver to the system combined with treatment in an electrolyser, divalent silver being 
electrolytically regenerated during the electrolysis process. Typically, the source of 
10 monovalent silver comprises a silver salt such as silver nitrate. 

The steps of the process may be carried oiit in either continuous or batchwise fashion, 
and the mode of operation is usually chosen having regard to the specific 
requirements of the situation. Thus, in a process according to the jSxst embodiment 

15 of the invention, the oxides of uranium and plutoniimi and the nitric acid are 
simultaneously introduced into a vessel on a continuous basis to dissolve the^ oxides 
of uranium, oxides of plutonium being separated by filtration; the solution is 
subjected to, for example, a batchwise solvent extraction treatment to effect removal 
of palladixrai, silver nitrate is then added to the filtered oxides of plutonium and the 

20 resulting slurry is subjected to a continuous electrolysis process in order to effect 
dissolution of all the actinic oxides. 

A corresponding process according to the second embodiment of the invention would 
envisage filtration to remove xmdissolved Pu02 following the treatment with divalent 
25 silver, tiie filtered solution being subjected to a fiirther batchwise solvent extraction 
treatment to effect removal of palladium; thereafter, a second treatment with divalent 
silver is performed, silver nitrate being added to the plutonium oxides and the 
resulting slurry being subjected to a continuous electrolysis process.in order to. effect 
dissolution of all the actinic oxides. 

30 
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Any embodiment of the process according to the present invention provides 
significant improvements in the rate of dissolution of oxides of plutonium when 
compared with fixe methods of the prior art, thereby' allowing greater recovery of 
plutonium fi-om the residues and waste streams frequently encoimtered in the nuclear 
iadustry. Consequently, it affords major benefits in terms of efBciency, with the 
attendant economic and environmental braefits. 

Furthermore, the process of the iavention facilitates the dissolution, and recovery of 
plutonium from irradiated MOx fuels which result from MOx fiiel reprocessing; no 
process had previously been available for readily performing these tasks. 
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1. A process for dissolving actinic oxides, the process comprising performing 
the steps of: 

(a) introduciDg the actinic oxides into a solution of nitric acid; 

(b) treating the acidic solution in order to substantially remove 
palladixun; and 

(c) treating with divalent silver. 

2. A process as claimed in claim 1 which additionally comprises performing the 
■ steps of: 

(d) further treating the acidic solution in order to substantially remove 

s 

palladium; and 

(e) further treating with divalent silver. 

3. A process as claimed in claim 1 or 2 wherein the actinic oxides comprise 
mixtures of UO2 and PuOi or the mixed oxide (U, Pu)02. 



4. A process as claimed in claim 1, 2 or 3 wherein the actinic oxides are 
25 comprised ia spent nuclear fuel. 

5. A process as claimed in any one of claims 1 to 4 wherein the actinic oxides 
are m tite fonn of a solid, a slurry or a.su§pensiorL 

30 6. A process as claimed in any preceding claim wherein the treatment to 
substantially remove palladium comprises treatment by solvent extraction. 
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7. A process as claimed in claim 6 wherein said solvent extraction comprises 
extraction with trilauiylamine, Alamine 33*6 in combination with tributyl 
phosphate and kerosene, a dialkyl sulphide or an organic phosphine sulphides 

5 " or its derivative, 

8. A process as claimed in any one of claims 1 to 5 wherein the treatment to 
substantially remove palladium comprises ion exchange. 

10 9. A process as claimed in any one of claims 1 to 5 herein the treatment to 
substantially remove palladium comprises denitration of the system by the 
addition of formic acid to cause palladium to precipitate from solution as the 
metal. 

'15 10. A process as claimed in any preceding claim wherein the nitric acid is 
provided as an aqueous ^solution at a concentration of 4M to 12M. 

11. A process as claimed in claim 10 wherein the concentration is 6M to 8M. 

20 12. A process as claimed in any preceding claim wherein the temperature of the 
nitric acid is maintained ia the region of 10-50°C. 

13, A process as claimed in claim 12 wherein the temperature is maintained in the 
region of 20-40°C. 

25 

14, A process as claimed in any preceding claim wherein the treatment with 
divalent silver comprises an electrolytic dissolution process. 

15, A process as claimed in claim 14 wherein the process comprises the addition 
30 of a source of monovalent silver to the system and treatment in an electrolyser 

to electrolytically regenerate divalent silver. 
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16. A process as claimed in claim 15 wherein the source of monovalent silver, is 
silver nitrate. 

5 17. A process as claimed in any preceding claim wherein the steps of the process 
are carried out in either a batchwise or a continuous fashion. 

18. A method substantially as hereinbefore described and with reference to the 
accompanying description. 

10 
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ABSTRACT 



The invention provides a process for dissolving' actinic oxides, the process 
comprising performing the steps of: 

5 

(a) introducing the actinic oxides into a solution of nitric acid; 

(b) treating the acidic solution in order to substantially remove palladium; 
and 

(c) treating with divalent silver. 

10 

Preferably, the actinic oxides are comprised in spent nuclear fuel. Optionally, the 
process comprises a second treatment of the acidic solution in order to substantially 
remove palladium and a second treatment with divalent silver. The steps may be 
performed on a batchwise or continuous basis. The treatment to remove palladium is 
15 preferably carried out by solvent extraction or ion exchange, and provides greatly 
improved rates of dissolution of oxides of plutoniimi. The treatment ^with divalent 
silver preferably involves the addition of a source of monovalent silver, followed by 
an electrolysis treatment to generate divalent silver. 
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